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1. General experimental methods
Synthesis and characterization
Unless stated otherwise, all reagents and chemicals were obtained from commercial sources and used without further purification. 5,5'-Dibromo-4,4'-dinonyl-2,2'-bithiazole, 1 5,8-dibromo-6-fluoro-2,3-diphenylquinoxaline 2 and (E)-6,6'-dibromo-1,1'-bis(2-hexyldecyl)- [3,3' -biindolinylidene]-2,2'-dione 3 were synthesized according to procedures reported in the literature. Toluene was dried using an MBraun solvent purification system (model MB-SPS 800) equipped with alumina drying columns. Microwave reactions were carried out in a CEM Discovery microwave at the given temperature by varying the irradiation power. A thick-wall pyrex reaction vessel (10 mL) with teflon septum was used for the microwave reactions. Preparative size exclusion chromatography (prep-SEC) was performed on JAIGEL 1H and 2H columns attached to an LC system equipped with a UV detector (path 0.5 mm) and a switch for recycling and collecting the eluent (CHCl3: flow rate 3.5 mL min -1 , injection volume 2.5 mL).
NMR chemical shifts () were determined relative to the residual CHCl3 absorption (7.26 ppm) or the 13 C resonance shift of CDCl3 (77.16 ppm). MALDI-TOF mass spectra were recorded on a Bruker Daltonics Ultraflex II Tof/Tof. 1 µL of the matrix solution (4 mg mL -1 DTCB (trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-propenylidene]malononitrile) in CHCl3) was spotted onto an MTP Anchorchip 600/384 MALDI plate. The spot was allowed to dry and 1 µL of the analyte solution (0.5 mg mL -1 in CHCl3) was spotted on top of the dry matrix. Reported masses originate from the 100% intensity peaks of the isotopic distributions. Rapid heat-cool calorimetry (RHC) experiments were performed on a prototype RHC of TA Instruments, equipped with liquid nitrogen cooling and specifically designed for operation at high scanning rates. 4 RHC measurements were performed at 500 K min -1 (after cooling at 20 K min -1 ; the second heating was chosen to avoid thermal history effects) in aluminum crucibles, using helium (6 mL min -1 ) as a purge gas. UV-Vis absorption spectra were recorded with an Agilent Cary 500 Scan UV-Vis-NIR spectrometer in a continuous run from 200 to 800 nm at a scan rate of 600 nm min -1 . The thin films for the solid-state UV-Vis measurements were prepared by drop casting chloroform solutions of SM1−3.
To estimate the optical HOMO-LUMO gaps, the wavelength at the intersection of the tangent line drawn at the low energy side of the (solution/film) absorption spectra with the x-axis was used ( 6, 160.1, 157.4, 155.3, 150.4, 150.1, 148.1, 147.4, 145.7, 144.3, 143.1, 134.5, 132.6, 130.5, 130.2, 129.5, 127.9, 127.2, 126.6, 125.7, S4 125.0, 123.6, 123.1, 32.1, 31.9, 31.0, 30.8, 30.5, 29.8, 29.6, 29.3, 22.8, 14.3 equipped with a magnetic stirring bar. The vial was purged with Ar and dry toluene (2 mL) was added.
The reaction mixture was vigorously stirred under microwave irradiation at 150 °C for 18 h. The solution was then cooled down to room temperature and diluted with CH2Cl2 and H2O. The aqueous phase was extracted with CH2Cl2. The organic fractions were combined and dried over MgSO4, filtered, and evaporated under reduced pressure. The obtained product mixture was separated by column chromatography on silica gel using a mixture of CH2Cl2 and petroleum ether (1/2). The fractions
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containing the desired product (with minor impurities) were collected and the small molecule was additionally purified by recycling prep-SEC to afford SM3 as a black solid (47 mg, 32% 9, 161.5, 160.7, 150.8, 148.5, 148.0, 146.0, 145.7, 145.0, 144.6, 144.2, 136.1, 132.9, 131.5, 131.2, 131.1, 130.1, 127.7, 127.4, 127.0, 126.0, 125.7, 124.2, 123.4, 122.2, 118.5, 104.5, 45.1, 37.5, 32.8, 32.6, 31.5, 31.1, 30.8, 30.6, 30.4, 30.3, 27.6, 23.7, 23.6, 14.8 
Photovoltaic device fabrication and characterization
Bulk heterojunction organic solar cells were fabricated using the traditional device architecture glass/ITO/PEDOT:PSS/photoactive layer/Ca/Al. Prior to processing, the pre-patterned indium tin oxide (ITO, Kintec, 100 nm, 20 Ohm/sq) coated glass substrates were thoroughly cleaned using soap, meters were used to measure the current at the drain and correct it for leakage through the gate electrode. All FET preparation and characterization was carried out in a N2 filled glove box and the mobility values for each compound were averaged over 5 devices. Fourier transform photocurrent spectroscopy (FTPS) was performed using a Thermo Nicolet 8700 FTIR with an external detector. The spectra were recorded with a quartz beamsplitter and appropriate optical bandpass filters to improve the signal to noise ratio. All spectra were corrected for the frequency response. More information on the applied setup can be found in literature. Figure S1 . MALDI-TOF mass spectrum of SM1.
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MALDI-TOF mass spectra of small molecules SM1−3 (TPA-T-TzTz-T)2BiTz (SM1)
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(TPA-T-TzTz-T)2Qx (SM2) Figure S2 . MALDI-TOF mass spectrum of SM2. Figure S3 . MALDI-TOF mass spectrum of the filtrate after precipitation of SM2, illustrating some of the side products formed upon direct (hetero)arylation (the exact position of the branching points and the regioselectivity of the Qx building block remain unknown). 
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(TPA-T-TzTz-T)2BiTz (SM1) Figure S6 . 13 C NMR spectrum of SM1 (CDCl3, 75 MHz).
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(TPA-T-TzTz-T)2Qx (SM2) Figure S7 . 1 H NMR spectrum of SM2 (CDCl3, 300 MHz).
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(TPA-T-TzTz-T)2II (SM3) Figure S8 . 1 H NMR spectrum of SM3 (CDCl3, 300 MHz).
S15
(TPA-T-TzTz-T)2II (SM3) Figure S9 . 13 C NMR spectrum of SM3 (CDCl3, 75 MHz).
S16
UV-Vis absorption spectra of small molecules SM1−3 (in solution)
Figure S10. UV-Vis absorption spectra (normalized) of small molecules SM1−3 in CHCl3 solution. Figure S12 . EQE spectra for average performing solar cell devices comprising SM1−3, processed from the optimal solvents. The SM2 device employing the CPE interlayer is also portrayed. Herein, f represents a term that describes the number of CT states, the internal quantum efficiency and the electronic coupling, ECT is the energy of the CT state, is related to the width of the CT absorption band, k is the Boltzmann constant and T the temperature.
ECT is significantly lower for the device based on SM1 (ECT = 1.29 eV) than for SM2 (ECT = 1.40 eV) and SM3 (ECT = 1.47 eV), which corresponds with the lower VOC values observed (see Table 2 ). ECT follows the trend of VOC for the prepared devices. Figure S14 . FTPS spectra of the CT region, with fits to Equation S1 (indicated by the dashed lines), for SM1−3:PC71BM small molecule organic solar cells (fabricated using the optimal processing conditions).
McGehee et al. recently showed that energetic disorder contributes to . 10 Their results indicated that when a system shows more specific polymer:fullerene conformations, lowers, which can be related to a decrease of the energetic distribution of CT states. In this work, focusing on small molecules rather than conjugated polymers, is lower for SM1 ( = 0.24 eV), which also exhibits the highest degree of crystallinity (according to the RHC analysis, see Fig. 2 ). 
